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inches square will double the maximum stress on one face. Again,
we generally deal with beams entirely free to turn at the supports
or with cantilevers which are entirely free to move and turn at one
end and which are perfectly fixed at the other, so far as concerns
the moment arms. The results which we get in calculating beams
are correct inside the true elastic limit and approximately true
beyond that limit. If we take a column perfectly free to turn
at both ends and know the position of the load with the same
relative certainty as in the case of the beam supported at the ends,
we may calculate the unit stress with the aid of Formula XXV as
accurately as we can compute it in the beam by the use of For-
mula XV. There is this apparent difference: in the beam the
unit stress varies as the load; in the column it increases more
rapidly. Again, a column fixed at one end and free at the other
(case II, Fig. 168) can be calculated with the same accuracy as
a cantilever with one end free, provided the load is located with
the same relative accuracy and the end is so well fixed that the
relative change in moment due to change in tangent at the "fixed
end" is the same in both cases. The change in moment due to
change in the tangent at the ends is proportional to the rate of
change in the cosine of a small angle in the case of a beam and to
the rate of change of the sine of a small angle in the column.
The loads being much greater in a column than in a beam of the
same section, the effect of friction in partially fixing the ends is
greater in the column.

Beams fixed at both ends or fixed at one end and supported
at the other are indefinite, because it is not possible to fix the
beam perfectly so that it will not turn, or support it so that it
will not move. For these reasons the calculation of the unit
stresses in relatively stiff beams of these kinds is always open to
question. The same is true of columns fixed at both ends, or
fixed at one end with a hinge connection at the other.

The error in the case of the fixed column is relatively greater
than in a fixed beam, for a change in the slope of the tangent at
the ends of the column makes a relatively larger change in the
bending moment.

Euler's formula gives the ultimate load which will cause a
column with practically no eccentricity to deflect without limit.
Unless the slenderness ratio is large the column will fail by crush-
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ing before this load is reached.    // the value of -> calculated by

